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PREFACE 


An article contributed by A.L. Cullington to the Nature on an artificial aurora 
observed and a magnetic storm raised subsequently to the nuclear explosion over 
Johnston Island has attracted a great deal of attention among the scientists engaged 
in aeronomical pursuits for years. Storms in the upper layers supposed to be outside 
human control were merely looked upon as the gigantic forces of mighty nature, and 
it was all one could do to make sincere observations thereon and to pamper one’s 
imagination so as to derive plausible conclusions on the basis of observational results 
obtained. Now human power can create such a natural phenomenon. What was more, 
it presented itself in the tropics where no storm had ever originated. This phenomenon 
enabled one to observe an aurora in the tropical zone, which was never seen before. 
It is a matter of course that the occurrence of various other phenomena of the kind 
has aroused the interest of the scientists concerned. 

In Japan, too, specialists in several fields of science have come to review the data 
and records obtained in the past, finding out in succession the phenomena attributable 
to the foregone explosions. Such discovery covers a range wider than one can imagine. 
Needless to say, as the observations were not made in anticipation of the phenomenon, 
the results obtained are not so satisfactory as would be if the work of observation 
were planned out deliberately. As these observational results are all that the authors 
happened to catch sight of, they may not be sufficient to attack the problem. Never- 
theless, it is a pity to get them scattered and left unnoticed. Hence those interested 
have joined in putting together, in a volume, their respective reports on the observatio- 
nal results in Japan. 

This problem, to be sure, involves a lot of experimental character in the research 
room, but it is obviously of the character that the full interpretation of phenomena is 
too difficult to be given simply by resorting to experimental data gained in a laboratory. 
This synthesized paper was contributed to the journal proper to appear as a regular 
article, but it was printed for a special issue for the convenience of the readers. 

The complete collection, if possible, of observational results all over the world 
would prove the most convenient to many specialists and, what is better, it would offer 
a field of cooperative work to the research workers in not only aeronomy but also 
other branches of science. It may open the way for a new line of science. 


August 1959 
Editor 
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Geophysical Effects Associated with the High-Altitude 
Nuclear Explosion 


By H. UYEDA,* H. MAEDA,** A. KIMPARA,*** T. OBAYASHI* 
S. ISHIKAWA* and Y. KAWABATA**** 


(Received July 25, 1959) 


Abstract 


This is a summarized report on observations and investigations made in Japan 
up to the present time concerning the geophysical effects associated with the high- 
altitude nuclear explosions carried out over Johnston Island on August 1 and 12, 
1958. 

The effects under consideration are on the distubances of the geomagnetism, 
VLF atmospherics, field strength of the HF waves, the ionosphere, and acoustic 
and seismic waves. 

As the result of investigations of the associated phenomena, the mechanism 
of generation of each phenomenon seems to be very complicated and associated 
with each other. However, in view of the time that elapsed after the blast, there 
seem to exist three distinct periods. The typical examples are the two stages of 
the magnetic disturbance——SSC* and the main phase——and the ionospheric 
disturbance which appeared several hours later and lasted more than ten hours. 


They will belong to the first, second and third periods respectively. 
Introduction 


Since the communication “ An artificial aurora” was presented in Nature by A.L. 
Cullington, a considerable interest has been excited among scientists to account for the 
associated geophysical effects with high-altitude nuclear explosion. 

As the result, corresponding acoustic and seismic waves, absorption of HF waves and 
VLF atmospherics were found in the original records in Japan lying in the same ocean as 
where the explosion was held, while corresponding changes in geomagnetism and 
ionosphere were identified in the records and information of the IGY data. In Japan, 
the explosions not only on August 1 but also on August 12 gave rise to attention and 


discussion. 
The main effects associated and remarks are summarized in Table 1. The table 


will give us much interest, when we refer to the map Fig. 1 with its centre on 
Johnston Island including the observatories concerned, geographic and geomagnetic 
latitudes and longitudes as well as the distances from the Island. 


* Radio Research Laboratories. 
** Kyoto University. 

*k* Nagoya University. 

*& Japan Meteorological Agency. 
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Table: 1: Sones effects associated with high-altitude nuclear explosion (U.T.) 
; abesit August 46 August 12 ee ee Reportor 
Acoustic wave none 1512-1542 .1 mb) Tokyo JMA 
s . 
Seismic wave none ‘ ee (44°) Matsushiro JMA 
Aurora 1051-1105 unknown Apia A.L. Cullington 
: SSC* SSC* 1030 (075 : : 
Geomagnetism ate 1100-1150) # Pes YER t Apia A.L. Cullington 
SSC* 1050 SSC* 1030 (065) 
Main 1100-1145 Main 1045-1150 Honoluia sai) iia base | 
none none Guam EL Maeda . 
none none Amberley |A.L. Cullington 
Ree ware WWVH 15 Mc ey .5-| WWVH 15 Mc A | 
absorption 
la Ste 10 Mc 1100-| = Hiraiso | T. Obayashi 
SF_13.75 Mc-1100- |SF 13°75 Mc uncertain { 
Atmospherics uncertain** 27 ke a Toyokawa A. Kimpara 
21 ke 1045- . 
1127 
uncertain** 28 ae Hiraiso T. Obayashi 
| Jonosphere 1200-1900 1500-0300 Maui S. Ishikawa 
fmin increase unknown 1700-0300 Rarotonga S. Ishikawa 
f,f2 decrease 1200-1600 1200-1500 Maui S. Ishikawa 
h'F2 increase Bee Re, a Maui S. Ishikawa 


#: These values were my, ay Vee ee “ene Apia magnetograms. 
** + Masked by local thunderstorms. 


The times of incidence of shock 
wave on the earth’s surface just 
below the explosion point are re- 
ported to be 10"53”05° and 10%3208° 
i Te peepechively, according to the - 

atior from the US. peel 
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absorption of HF waves passing the neighbourhood of Johnston Island seem to have 
happened within several seconds to at most 1 minute, whereas the main phase of the 
geomagnetic disturbance, enhanced increase of HF wave absorption, VLF atmospherics, 
etc. are observed in the second period more than 10 minutes later. It remains unknown 
of the ionosphere, whether the effects are attributable to the first or second period, 
because we have only hourly values of the ionosphere. Judging from the effects above 
mentioned, however, it can be expected that the ionospheric effects would exist in both 
periods Besides, there exists, no doubt, the third period when the after effect at least 
on the ionosphere and HF waves lasted for as long a time as more than 10 hours. 

The associated effects are detailed in the following five parts. 

This paper is to summarize, at the present phase of study, the results of observa- 
tions and analysis of data so far obtained in Japan. They may be improved or refor- 
med in future with increasing information and knowledge. 


I. Geomagnetic disturbances By H. Maeda 
II. Atmospherics By A. Kimpara and T. Obayashi 
III. Ionospheric radio propagation 

disturbances By T. Obayashi j 
IV. Ionospheric disturbances By H. Uyeda and S. Ishikawa 
V. Acoustic and seismic waves By Y. Kawabata 
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Part I. Geomagnetic Disturbances* 


By Hiroshi MAEDA 
(Department of Earth Science, Yoshida College, Kyoto University) 


Since Cullington (1958) reported that some aeronomical phenomena such as aurora, 
radio fadeout and geomagnetic sudden commencement, perhaps due to a high-altitude 
nuclear explosion over Johnston Island on August 1, 1958, were observed at Apia 
Observatory by Keys, the data collected at the IGY World Data Center C2 for geo- 
magnetism, Kyoto University, have been carefully examined by the author to reveal 
the effects of nuclear explosion on geomagnetism. Salient results up to the present 
are: 1) For explosions on the ground, no effect was seen on magnetograms in 
all the observatories. 2) For explosions at high altitudes, two marked changes were 
seen on the magnetograms on August 1 and 12, 1958, at Honolulu and Apia. Recently 
Cullington (1959) kindly gave the author the latest information that the effects were 
also found on the magnetograms at Palmyra, Jarvis, and Fanning Islands. 

Magnetograms at some observatories on and around the Pacific—refer to Fig. 1 and 
Table 2—on the two days are shown in Fig. 2. As seen in Fig. 2, the magnetograms 
at Honolulu and Apia show marked changes around 11” U.T. on August 1 and 12, 
while no corresponding changes are seen on the magnetograms at other observatories. 
The changes observed at Honolulu and Apia resemble a typical magnetic storm in the 


Table 2. List of Geomagnetic observatories 


Distance from 


Geographic Geomagnetic 
| CSAGI No. | Observatory fee | Laney] gmat len Loupe) Johnston Is. 
: aoe ©) CS) @) | (soe _(km) 
Johnston Is. | N 16.5 | W 169.5 14.3 Sonat |) a) Aa 
a Honolulu | N 21.3 | W158.1 | 21.0 266.4 | 1340 
| | Palmyla Is. | N 05.9 | W162.1 4 05.2 | 265.8 | 1430 
| E585 | Fanning Is. | N 04.0 | W 159.0 | 05.3 276.2 | 1890 
| | Jarvis | $00.4 | W 160.1 | —00.5 | 269.0 | 2380 
| | Apia I~$.13.8 | Wi7l8- | -16.0  leede02) 7S) gcs0 90) 
| | W. 159.8 |, 20.0", [ors “oF abaos 


Rarotonga | S 21.2. | 
‘ahiti | sizs | wus | 
| N 13.5 | E 144, 
| N 36.2 | Eu 
4 
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Fig. 2. Magnetograms at several observatories on and around the Pacific on Aug. 


1 (a) and 12 (b), 1958, where the length of arrows corresponds to 50 7 for H and 

Z, and 10’ for D, except for H at San Juan, and the direction of arrows indicates : 

Increase for H; Downward (northern hemisphere) and Upward (southern hemi- 
sphere) for Z; Clockwise for D. 
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shape of H. They consist of the initial phase, starting from a reverse sudden com- 
mencement, and of the main phase, although they are very small in the scale as 
compared with usual magnetic storms. The general conditions on the days were as 
follows: On Aug. 1, a minor bay disturbance began at about 10”20” U.T. and terminated 
at about 12°50” U.T., whereas on Aug. 12, there was no such appreciable world- 
wide disturbance. The details of the changes due to the nuclear explosions, scaled on 
the Honolulu and Apia’s rapid-run magnetograms, are as follows: 

a) Honolulu 

Three components (H, Z, D) are similar to each other in the type of changes. 

Aug. 1: At 10%50"00°* U.T., the reverse sudden commencement occurred (4H~—8", 
AZ~—6*, 4dD~—0.5’),** and then the initial phase followed. The main phase began 
at about 11”, and attained a minimum at 1103" (4H~—497,4dZ~—42", 4D=—7.1’),** 
then recovered. The disturbance seems to have come to an end at about 11”45”. 

Aug. 12: At 10’30"06* U.T., the reverse sudden commencement occurred (4H= 
—4", AZ~—3', dD~—0.3’),** and then the initial phase followed and seems to have 
recovered several minutes later. The main phase began at about 10"45”, attained a 
minimum at 10°55" (4H~—26", 4Z~—25", 4D~—4.3’),** and then recovered. The 
disturbance seems to have come to an end at about 11”50”. 

b) Apia 

The type of change is more complicated compared with that at Honolulu. Three 
components are different from each other. 

Aug. 1: At 10%50"00°* U.T., the reverse sudden commencement occurred (4H~— 
15°, 4Z~—11", 4D~0.4’)** and had an enhanced maximum (or minimum) at 1053” 
(4H=38", 4Z7~4*, dD~—9.2’)** and then the initial phase followed. The main phase 
began at about 11”, attained a minimum of AH at 11°25" (4H=—68", 4Z~ —30°, 4D= 
1.0’),** and then recovered. The disturbance seems to have come to an end at about 
1d tS 0% 

Aug. 12: At 10"30"07* U.T., the reverse sudden commencement occurred (4H~ 
—12", dZ=—6*, 4D=0.9’),** and recovered a few minutes later. At 10°35”, the initial 
phase began, and showed an enhanced maximum (or minimum) and minimum (or 
maximum) at 10°39" (4H~23", 4Z=~277)** and at 10°45" (4H~—9", 4D=~6.9/)** 
respectively. The main phase seems to have started at about 10’45,” attained a minimum 
of H at 11°35" (4H~—6", 4Z~0, 4D=0),** and then recovered. The disturbance 
seems to have come to an end at about 12700”. 

It should be noted from these results that: 1) The times of reverse sudden com- 
mencements observed at Honolulu and at Apia are almost the same, and their rates 
of change (dH/dt, dZ/dt, dD/dt) are greater than those in ordinary magnetic storms. 
2) The variability during the initial phase at Apia is much more active than at 
Honolulu, in spite of the longer distance of the former from the point of explosion than 


* These times read on the magnetograms may not be accurate in the order of a few seconds. 
** All the values in brackets were measured from pre-sc level. 
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the latter. 3) The time interval from the reverse sudden commencement to the mini- 
mum of H in the main phase is nearly proportional to the distance from the point of 
explosion to the observatory. 4) The type of change in Z and D is rather different 
from that of magnetic storm. 

The fact that these changes on the magnetograms are due to nuclear explosions 
may be concluded from the following considerations: 1) At the time of every reverse 
sudden commencement, the experiment of nuclear explosion was reported to be con- 
ducted in the upper atmosphere over Johnston Island on both days. According to 
the information from the U.S. National Academy of Science, the time of incidence of 
shock wave on the earth’s surface just below the explosion point is 10°53"05*° U.T. on 
August 1, and 10"32”08° U.T. on August 12. 2) At other observatories far from John- 
ston Island, no corresponding changes are seen on magnetograms. 3) The type of 
change is in good similarity in two cases. 4) Other aeronomical phenomena (see Table 
1) which seem to be associated with the nuclear explosions have been observed. 

Although it seems difficult to account for these changes, at the present stage of the 
data collected, the following physical picture may be drawn. From the fact that the 
reverse sudden commencement occurred at about the same time at Honolulu and at 
Apia, and that the rate of change was very large, the commencement is likely to be 
caused by a hydromagnetic shock* produced as a result of the nuclear explosions, 
and the time of the reverse sudden commencement seems to indicate the time of 
explosion much more accurately (within the error of several seconds) than the time of 
incidence of shock wave on the earth’s surface just below the explosion point. If so, 
it seems likely that the shock wave took about three minutes on August 1 and two 
minutes on August 12, for arriving on the earth’s surface. The velocity of shock 
wave is, in general, higher than that of sound wave, and the latter is estimated at about 
20km/min on an average between the ground and the lower ionospheric region, so 
that the height of explosion point is estimated to be higher than 60 km** (on August 
1) and 40 km** (on August 12) above Johnston Island. If, however, we take account 
of the fact that the initial shock velocity caused by nuclear explosions is very high 
(probably higher than several hundred kilometers per second) and suppose (see Part 
IV) that such a high-velocity shock extends to a range of 90 km (on Aug. 1) and 30 km 
(on Aug. 12) just below the explosion point, then the height of explosion point may 
be estimated at 150km and 70km respectively. Further, as will be seen in Fig. 3, 
the conjugate point of Johnston Island with respect to the dipole equator is situated 
about 350km north-west of Apia. Thus, if high-velocity particles produced by the 
explosion in the lower ionosphere over Johnston Island are injected into the 
lower ionosphere over the conjugate point along the line of geomagnetic force (see 
Fig. 4) it may be possible that aurora appears there. And this result is in good 


* This view may support the Singer (1957) shock-wave theory for the origin of sudden commen- 


cements of magnetic storms. Ao 
** This result is in agreement with that recently reported by the U.S. Atomic Energy Commission. 
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agreement with the observed fact of aurora 
found by Keys, at Apia, if we take into 
account the fact that the lines of magnetic 


La earnd force in regions considered here are not 


N 30° 


20° 


always in close agreement with those of 
the centered dipole. The pulsating changes 


Ede during the initial phase seen on the 
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I70°E 180° 170°W 160° 150° 140° ~=©Fig. 4. Vertical section containing a line of geo- 
LONGITUDE magnetic force through an explosion point 


Fig. 3. Conjugate point of Johnston Island with SR 


respect to the dipole equator. 


magnetograms may suggest that these changes are due to a direct effect of hydro- 
magnetic waves and/or incoming high-velocity charged particles. And the main phase 
seems to be due to an augmentation of Sqg-currents during the night-time (about midnight 
at Honolulu and Apia) resulting from the enhanced conductivity which is due to 
ionization of air by radioactive rays or particles. Detailed interpretation, however, will 
be made when the data at other observatories in the Pacific, such as Palmyra, Jarvis, 
Fanning, Rarotonga, and Tahiti Islands, come to hand. 

In conclusion, I am greatly indebted to Dr. A.L. Cullington of the Department of 
Scientific and Industrial Research, New Zealand, for his kindness to send me the normal 
and rapid-run magnetograms taken at Apia Observatory and for his helpful suggestions, 
and to Dr. R. Yamamoto of the Geophysical Institute, Kyoto University, for his useful 
discussion and help in this study. Thanks are also due to the U.S. National Academy 


of Science, National Research Council, for placing the data of nuclear explosons at the 
author’s disposal. 
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Note 1 
After this paper was read at the Spring Meeting of the Society of Terrestrial Magnetism and 
Electricity of Japan, I received the February 7 issue of Nature (Vol. 183, 1959) and found there 
-(p. 358) that Dr. Kellogg, Prof. Ney and Prof. Winckler of the University of Minnesota had the 
same view with me for the interpretation of an artificial aurora observed at Apia. 
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Note 2 


Quite recently, I have received the magnetograms at Palmyra, Fanning, and Jarvis Observa- 
tories from the World Data Center A, U.S, Department of Commerce, Coast and Geodetic Survey. 
These are shown in the following figure. 


—(B) AUG 12,1958 


Fig. 2’. Magnetograms at rie Fanning, and janis Oneerrniencs on a. Lee 
(A) and 12 (B), | 1958, where the length of arrows corresponds to 50% for H and 
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Part II. Atmospherics 


By Atsushi Kimpara* 
(Research Institute of Atmospherics, Nagoya University) 


and 


Tatsuzo OBAYASHI** 
(Hiraiso Radio Wave Observatory, Radio Research Lcboratories) 


Sudden enhancement of atmospherics (SEA) due to the nuclear explosion on August 
12, 1958, was observed simultaneously at two stations in Japan, Toyokawa (Research 
Institute of Atmospherics, Nagoya University) and Hiraiso (Radio Wave Observatory, 
Radio Research Laboratories), 500km apart from each other. On August 1, 1958, the 
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Fig. 5(a-1). Atmospherics observed at Toyokawa on Aug. 12, 1958 (27 kc/s). 
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Fig. 5(b). Atmospherics observed at Hiraiso on Aug. 12, 1958 (28 kc/s). 
Table 3 
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On August 12 SEA was observed twice as shown in Table 3. Corresponding to 
SEA No. 1 in Table 3, we observed outbursts on solar radio waves at Toyokawa as 
shown in Table 4. 

As to SEA No. 2 in Table 3, observations on solar radio waves were made in the 
Netherlands at 200, 545 and 2980 Mc, and in Czechoslovakia at 536 Mc, but they 
observed small bursts only at 200 Mc which began at 1040.5 U.T. and continued for 1 
minute with intensity of 8010-22 watts m~’c/s"!. Consequently, SEA No. 2 in Table 
1 was confirmed to be due to the nuclear explosion, although it occurred about 10 
minutes after the explosion. The forms of SEA No. 2 on record of atmospherics are 
quite similar to SEA No. 1 (due to outbursts of solar radio waves) and therefore the 
same agency as solar outbursts, such as ultra-violet rays or X rays, would generate 
the abnormal D layer. 

According to our experience, observations of SEA at 21 and 27 kc and no SEA at 
10 ke (sometimes fadeout) are deeply correlated with Dellinger fadeout, i.e. occurrence 
of abnormal D layers, while simultaneous increases at 10, 21 and 27 ke correspond to 
active meteorological phenomena such as thunderstorms, typhoons, fronts, etc. 

When the explosion is caused at a very low pressure in the upper atmosphere 
several ten thousand meters high, it is impossible to detect it by measuring the pressure 
difference due to a blast of explosion ; while SEA phenomena due to the explosion will 
be easily found owing to small absorption of energy in the upper atmosphere. 
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Part III lIonospheric Radio Propagation Disturbances* 


By Tatsuzo OBAYASHI 


(Hiraiso Radio Wave Observatory, Redio Research Leboratories) 


An artificial aurora was observed at Apia Observatory, the conjugate point of 
Johnston Island where nuclear bombs were exploded in the upper atmosphere overhead. 
It is believed that the effect is due to the injection of charged particles produced by 
the nuclear explosion into the lower ionosphere travelling along the magnetic lines of 
force. This mechanism would suggest that any effects are largely restricted on the 
vicinities of the two ends of the lines of force. However, the present paper will give 
an evidence suggesting that the increased D layer ionization and also presumably the 
disturbances in the F2 layer occur for greater distances from the explosion point than 
has hitherto been realized, and at places remote from either the explosion or its 
geomagnetic conjugate. 

Fig. 6 displays the variations in field strength of three radio waves from Honolulu 
and San Francisco as received at Hiraiso Radio Wave Observatory in Japan; the 


continuous curve is the record taken on Augustl and the dotted curve shows the 
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Fig. 6. Field strengths of WWVH and San Fran- Fig. 7. Field strengths of WWVH and San Fran- 
cisco received at Hiraiso on Aug. 1, 1958. cisco received at Hiraiso on Aug. 12, ae 


(7 18 UT. 


* This paper was read at the Spring Meeting of the Society of Terrestrial Mie gee and Elect- 
ricity of Japan on May 27, 1959, and published in Nature, 183, May 1959 : Widest oat 
geophysical effect of high-altitude nuclear explosions” by T, Obayashi, S.C. Coroniti and iDgth. 
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expected normal variation. It may be noticed that the time of explosion coincides with 
the loss of signal on all three radio waves. The path from Honolulu to Hiraiso runs 
fairly close to Johnston Island so that the effects in the records of WWVH are not 
unexpected. However, the path from San Francisco to Japan is some 3,600 km off 
Johnston Island at its nearest point, and, of course, even remote from the geomagnetic 
conjugate of Johnston. The records on August 12 are shown in Fig. 7. Again, there 
is a pronounced effect on WWVH 15 Mc/s coinciding with the reported time of the 
explosion, but that on the 10 Mc/s is less marked than on August 1, while no significant 
decrease is detectable on the San Francisco-to-Hiraiso route. 

In order to show in more detail the variation at the time of explosion, the original 
records of radio wave on 15 Mc/s and 13.75 Mc/s on August 1 are reproduced in 
Figs. 8 and 9. The radio wave from Honolulu, WWVH 15 Mc/s, was received in a 


Fig. &. Original records at Hiraiso on the 
frequency 15 Mc/s from Honolulu, 
Aug. 1, 1958. 


Fig. 9. Original records at Hiraiso on 
the frequency 13.75 Mc/s from 
San Francisco, Aug. 1, 1958. 


fairly good condition, and at 1051”, the field strength decreased suddenly by more 
than 15 db. The strength recovered slightly some ten minutes later, but dropped 
again and it was masked by the radio wave from Tokyo, JJY 15 Mc/s. At about 
11°30” WWV 15 Mc/s from Washington, D.C., appeared in a rather unstable condition 
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and continued several hours, while WWVH 15 Mc/s from Honolulu appeared no more 
until the next morning. A marked variation in strength of the radio wave from San 
Francisco was seen about 10 minutes after the time of explosion; it showed a large 
oscillatory variation and then disappeared below the noise level at about 12%. 

It will be an important question whether these deteriorations of field strength 
were caused by the increased absorption in the D-region or by disturbances in the 
F-region. Refer to Part IV: JIonospheric disturbances er 
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On the other hand, Fig. 13 illust- Km 


rates the paths of magnetic lines of 


force around the equator, along 


which the charged particles travel 


to give rise to ionization in the E 


region above Maui and Rarotonga 
and also on the path of WWVH 
waves. The appearance of aurora 


at Apia at nearly the same time as 


the explosion can afford the evidence 
of this effect. 

351-30 2daqyz0tS= ior 1S uid Sim NOlmISs SoM 2o—u S0ymo> 

Of the two routes of the cloud, N — s 

Ries. 12 (a) and by awecnall aoa? Fig. 13. Paths of magnetic lines of force. 
the route of the cloud fixed by the drift of the F layer, Fig. 12 (b), since the coin- 
cidence is far better than by the drift of the E layer, Fig. 12 (a), as the result of their 
comparison with fmin. Judging from the figure (b), the & layer part of the 
path of WWVH close to Johnston Island would be included within the cloud during 
the period of 11” to 16” and then get out of the cloud. The magnetic line of force 


passing the E layer above Maui would come to be enclosed by the cloud at 13”. This 
condition would last for many hours, while at Rarotonga the same condition would 
take place three hours later. This explanation well satisfies the result of observation. 

If the distribution of activity for ionization within the cloud is assumed to be 
proportional to the strength of the shock wave produced by the explosion, it can be pre- 
sumably given as reciprocally proportional to the cubic power of the distance from 
the centre of explosion. Beside, the activity of the centre of the cloud is assumed to 
attenuate with a certain decay-time, which was taken as 6 hours by trial in order to 
satisfy the fmin effect at Maui. On these assumptions was calculated the timely 
variation of ionization J in the E layer above Maui. The result F6 is illustrated in 
Fig. 14 being expressed in db with respect to J, at the center of the cloud at the time 
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Fig. 14. Comparison of ionization J (dotted and broken lines) in 
F layer above Maui with the increased electron density 4N (thick 
line) calculated from the observed fmin. 


E 2: use of the drift in E layer with the decay time of 2 hours, 
F 6: use of the drift in F layer with the decay time of 6 hours. 
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(Q)4 foF2 (b) OWF 
Fig. 15. Circular distribution of 4fF)2 and 4h'F2 at 14” Aug. 1, 1958. 


of explosion. In this figure, for ready comparison, is also indicated the increase of 
electron density 4N calculated from the observed fmin, the normal value of fmin there 
at every hour being taken into account. Another curve £2 is given for comparison on 
the same figure, which was obtained by using the drift in the E layer and the decay- 
time of 2 hours. From Fig. 14, it is reckoned that there is a rather good coincidence 
between the estimated curve F6 of timely variation of the estimated ionization in the 
E layer above Maui and the 4N curve with the time. But, regarding fmin at Rarotonga 
on August 12, the coincidence was not satisfactory. This may be due to the difference 
of the drift on that day from the assumed drift. 

The explanation is based on the observed hourly values of fmin. We have further 
data on the geomagnetism, HF field strength and VLF atmospherics. They will mean 
ionization in the lower part of the ionosphere, too. Information concerning the time 
required for the appearance of these phenomena after the nuclear explosion will take 
a major role in accounting for the mechanism of generation of these effects. 

If we can assume the shock wave to be responsible for the second period, we can 
get the reasonable time of 9 and 13 minutes to reach the path of WWVH and the 
Island Maui, respectively. The relation between the range and the time will be expressed 
by R=91-t%!~12-t07, 

The active cloud, expanding with the velocity of shock wave, affects the area of 
ionization and makes highly conductive the lower part of the ionosphere by sending 
the charged particles along the magnetic lines of force especially to the north of the 
cloud in the northern hemisphere and to the south beyond the equator in the southern 


hemisphere. 
b) F region es 2 

With respect to the effects of the nuclear explosion on the F2 layer, the decrease 
in fo2 and rise in h’/F2 were recognized to show a nearly symmetrical and circular 
distribution around Johnston Island. Fig. 15 is an example at 14”. 
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(b) 
Fig. 16.5: Time variation of 4/,F2 vs. distance from Johnston Island. 


(a) Aug. 1, 1958, (b) Aug. 12, 1958. 
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the sight from the height of explosion, a better explanation will be given by the neutral 
particles or radiation than by the charged particles. 

By the way, there was a peculiar phenomenon. The effects on the F2 layer in a 
small region including Okinawa, Taipei, Macao and Baguio to west of Johnston Island 
were enhanced during the period of several hours following immediately the time of 
explosion regardless of their distances from Johnston Island beyond the horizon. 
Whether it is due to the nuclear explosion or not still remains uncertain. 

c) HF field strength 

By using the data mentioned above, we can describe MUF and LUF curves for 

the circuit from Honolulu to Hiraiso, as indicated in Figs. 18 (a) and (b). 


ti i 
time of explosion ime of explosion 


10 12 14 16 18 20 


(a) (4) (u.T) 
Fig. 18. MUF and LUF for the circuit from Honolulu to Hiraiso. 
(a) Aug. 1, 1958, (b) Aug. 12, 1958, 
@az\: The duration of signal reception. — eee 


As readily understood from the figure (a), MUF went down gradually and reached 
a minimum at 14”; the drop in field strength immediately after the explosion should 
be due to the absorption which is shown by the curve of LUF. 

As stated above, the cloud of nuclear explosion is considered to take the form of 

a saucer with top open. The cloud is blasted to a very high altitude. The height of 
the charged particles necessary to come northwards on the route from Honolulu to 
E Hiraiso along the B magnene lines 0 of force should be about 1000 km, 0 or less, when t ey 
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Part V. Acoustic and Seismic Waves 


By Yukio KAWABATA : 
(Japan Meteorological Agency) 


At about 15” GMT on August 12, 1958, we observed small acoustic wave oscillations all 


Beginning : : : ; 
Place Latitude | Longitude im) of ee ae serena ity | pueeee 
Kushiro N42°59 | E144°24’ 34 15» 01m 0.2 5 40 : 
Akita 39 43 140 06 10 L5vealS 0.1 4 25 : 
Tokyo 35 41 139 46 6 15 12 0.1 4 30 
Wajima Slee 136 54 7 15) 25. OOF 20 
Muroto-zaki Bom 134 11 186 La oo Ova 53 
Kagoshima 31 34 | = 130 33 5 15 53 0.1 4 1d 
Osaka 34 39 135 32 8 dSaS4 Ost 30 
Okayama 34 41 133555. 5 LG—t2 sl 2 50 
Matsuyama 33 50 132 47 34 15 as 0.1 15 
Uwajima 33 14 132 33 43 15d 0.0 9 
Yokohama 35 26 139 39 38 1516 
= over Japan which were not considered to be of 
tyix 3S - natural origin. The period of beginning of the 
= S ee waves was found to be about 4 minutes, the 
‘to tw) io | maximum amplitude was almost 0.1 mb., and 
srw Sapa cad the duration of the wave oscillations was about 
‘o ~ANL yf 10-50 minutes. (Refer to Fig. 19.) The obser- 
ra) ofiso;  Vational data are shown in the above table. 
2 /~L [| —~—-—«éDrawing the propagation of this wave on a 
5 Lip A ie map, as seen in Fig. 20, we can find that the __ 
OE Migimety ray spe Pp eins SS ee 
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be almost 5500km from Tokyo as far away as Johnston Istand in the Pacific. 

At the same time we observed at Matsushiro Seismic Observatory the seismic 
wave due to this nuclear test. The P-wave (longitudi nal wave) was observed at 10” 
43"44° and the L-wave (Surface wave) at about 10"55". (Refer to Fig. 21 (a)). From 
these data, the time of occurrence was determined to be 1034" GMT. 

It should be noticed that the acoustic waves were observed on the seismograms, 
too. (Refer to Fig. 21 (b)). 


Conclusion 


All the phenomena associated with the nuclear explosion as explained above are 
arranged according to the time of their appearance as represented in Figs. 22 (a) and (b). 
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The mechanisms of excitation of various phenomena seem to be complicated and 
correlated with each other. Of course, each phenomenon has its own mechanism which 
has not necessarily a single process. Each process will give rise to the disturbances 
of associated phenomena. Accordingly, it is wiser to distinguish the processes one by 
one, but it will be a difficult task to tackle. 

Fig. 22 will give a general view of all the phenomena, from which we can have 
three stages of the period. The first period has the duration of several minutes im- 
mediately after the time of explosion, the second period of several decades of minutes 
following, and the third period of more than ten hours subsequent to the end of the 
second period. , 

It is supposed that the first period will comprise the direct process such as radiation, 
hydromagnetic wave and high-speed neutral and charged particles, the second period 
rather propagational process with lower speed than the direct process, such as shock 
wave, and the third period the conservative process of the active nuclear cloud drifting 
or suspending in high altitudes. 

Strict interpretation, anyhow, should be left for the future when the data and in- 
formation available reach an amount sufficient for analysis. 

We hope the studies on the geophysical effects associated with high-altitude 
explosions whould be coordinated as widely as possible in order to account for the 
artificial ionospheric and geomagnetic disturbances as well as the artificial aurora. 
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